This paper examines how determinants of volatility and stock returns change with financial crisis. The contributions of the paper are twofold. First, using a GARCH-M framework, risk and return are jointly modeled by using macroeconomic variables both in the variance and the mean equations. The conditional variance equation is specified by including macro-economic variables, a relevant information set for emerging economies, that is often overlooked in various GARCH specifications. Second, determinants of risk and return are investigated before during and after a major financial crisis at ISE. We show that, both the determinants of risk and the risk-return relationship change as the economy switches from one regime to the other (JEL: G1,G2,C5).
I. Introduction
states that "…financial market volatility is predictable, [and] this observation has important policy implications for asset pricing and portfolio management." Clearly, assuming that investors generally are risk-averse, asset prices should respond to forecasts of volatility. Predicting risk, however, remains difficult since economists disagree on the major sources of risk. The Capital Asset Pricing Model (CAPM) of Sharpe (1964) and Lintner (1965) use the market return, and traditional Arbitrage Pricing Theory (APT) models such as Ross (1976) gives way to employ any other variables as the theoretical source of risk. Macroeconomic variables constitute an important set of information in several specifications of APT models. Macro-economic fluctuations are modeled assuming that they influence stock prices through their effect on future cash flows and rates used in discounting them.
In these models, volatility and related risk premiums are expressed in terms of asset covariances with the implied source of risk. The fact that assets with high expected risk must offer higher rates of return indicates that increases in the conditional variance should be associated with increases in the conditional mean. In this context, the Generalized Autoregressive Conditional Heteroscedastic in Means (GARCH-M) model provides a convenient instrument to incorporate time-varying risk premia as the specification of the mean in the stock return equation. GARCH-M is a time series process, which explicitly incorporates the risk-return relationship and the time-varying risk premium. Changes in determinants of risk, and the risk-return relationship are important in deciding on the appropriate cost of capital in international asset allocation.
In this paper, we examine the determinants of risk as well as the relationship between risk and return by using different specifications of GARCH-M models as the economy progresses through diverse stages. In this work we use macro-economic variables in the conditional variance equation. Previous studies have used various variables in modeling asset returns, but macro-economic variables have not been used to model conditional volatilities in an emerging market setting. Analysis of changes in the determinants of volatility and asset returns at various stages of a financial crisis in an emerging economy gives insights about a better understanding of the worldwide crisis triggered by crisis in emerging economies.
II. Review of Literature
The level of real economic activity is expected to have a positive effect on future cash flows and thus affect stock prices in the direction cash flows are affected. Studies investigating the effect of macro-economic variables mainly employ conventional time-series models in their analysis. Arbitrage Pricing Theory (Ross, 1976) does not specify the individual economic variables as risk factors and leaves this issue to empirical researchers. Empirical work provides evidence for a number of macro-economic variables some of which we discuss below. Geske and Roll (1983) argue that exchange rates influence stock prices through the terms of trade effect. Depreciation of domestic currency is expected to increase volume of exports. As long as demand for exports is elastic, this, in turn, will increase cash flows of domestic companies and thus stock prices. Share prices of companies with a higher foreign exchange rate exposure react more strongly to devaluation than those with lower levels of exposure (Pettinen, 2000) . Malliaropulos (1998) supports these results by presenting a pronounced effect in relative performance of international equity portfolios. In countries where the currency appreciates in real terms against the dollar, the stock markets outperform the US stock market. Ajayi and Mougoue (1996) on the other hand, report international evidence about the feedback relation between stock markets and foreign exchange rates and show that currency depreciation has negative effects on the stock market both in the long run and the short run. They argue that inflationary effects of domestic currency depreciation may exert a moderating influence in the short run and unfavorable effects on imports and asset prices will induce bearish trends in the long run.
Although the relationship between inflation and stock prices is highly controversial, empirical studies mainly document a negative relation (Fama and Schwert, 1977 ). An increase in inflation is expected to increase nominal discount rates. If contracts are nominal and cash flows cannot increase immediately, the effect of a higher rate used to discount cash flows will be negative on stock prices. If high frequency data such as daily data is used it is not possible to use actual inflation rates. In this case several measures of money supply can be used as proxies. Note here that the effect of increases in nominal interest rates will be negative on stock returns in this argument.
While conventional time series models operate under the assumption of constant variance, the GARCH-M process allows the conditional variance to change over time as a function of past errors and of the lagged values of the conditional variance; still the unconditional variance 1. See Bollerslev, Chou and Kroner (1992) for a detailed review of literature.
remains constant (Bollersev, 1986) . Measuring conditional variance has been found to be useful in modeling several economic phenomena such as inflation, interest rates (Engle, Lilien and Robins, 1987) , and foreign exchange markets (Kendall and McDonald, 1989) . In more recent studies researchers have found GARCH (1,1)-M an appropriate model for financial data as well.
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For example, using a GARCH(1,1)-M formulation in the implementation of a CAPM model for a market portfolio consisting of stocks, bonds and bills, Bollerlsev, Engle and Wooldridge (1988) report a significant trade-off among these asset categories. Furthermore, in a univariate framework, Glosten, Jagannathan and Runkle (1993) show that the sign of the Autoregressive Conditional Heteroscedastic in Means (ARCH-M) model's coefficients are sensitive to the instruments which are added to the mean and variance equations of the model. Attanasio and Wadhwani (1989) find that predictability of stock returns can be explained by a risk measure using ARCH, while other explanatory variables such as lagged nominal interest rates and inflation rates remain significant in explaining the movement of expected returns in addition to their own conditional variance.
GARCH-M modeling has been used, with mixed results, in several US and UK studies to examine the relationship between risk and return. French, Schwert and Stambaugh (1987) found evidence that expected market risk premium is positively related to the predictable volatility of stock returns in the US market, while Baillie and De Gennaro (1990) , who studied similar data, found this relation weak. In the UK market, Poon and Taylor (1992) also reported that estimates of risk using the relevant GARCH-M parameter are not statistically significant.
Because of these mixed results, the literature contains extensive analysis of the empirical relationship between risk and return in mature markets, with scholars generally preferring one of two competing hypotheses to explain market behavior. After the 1987 crash, some researchers hypothesized a negative relation between unexpected returns and unexpected volatility, based on the assumption that when returns are lower than average, speculative activity is induced and market volatility increases (Poon and Taylor, 1992) . The competing hypothesis suggests a positive relationship between expected returns and 2. See for example Errunza et al., 1994; Harvey, 1995; and Bekaert and Harvey, 1997. 3. See Im and Kim (1998) for an overview of the conditions that led to the 1997 financial crisis South Korea. expected volatility, assuming that equity risk premiums provide compensation for risk when volatility increases.
Modeling risk and empirical tests of the relationship between risk and return are particularly important in emerging markets 2 where volatility is inherently high and changing over time. Cross-sectional models show that lower volatilities are observed in more open economies and countries that went through capital market liberalization (Bekaert and Harvey, 1997) . However, in studies of the forces that determine volatility, macroeconomic variables, an important information set for the emerging markets of the developing economies, are not given due attention.
Especially, following the 1998 Asian Financial Crisis, the need arises to understand the emerging markets better. Kaminsky and Reinhart (2000) rigorously show that the crisis in emerging markets can be spread into the rest of the world, through trade and financial sector links as we are moving towards a more global economy. Still, the conditions that may lead to a crisis in an emerging economy can be unique to that economy and naturally different from those in developed countries. In most cases, emerging markets are not informationally efficient, and speculative activity is common due to thin trading (Muradoglu, 2000) and informational asymmetries . Also, the thinly traded stock markets of these controlled economies may go through crisis periods induced by fiscal and monetary changes. Since, in these markets, volume of trade is relatively low and publicly available information on company performances is limited, stock returns are also relatively more sensitive to economic policy actions (Muradoglu and Metin, 1996; Balaban, Candemir and Kunter, 1997) .
To help fill in the gap in the finance literature about crisis in emerging economies, this paper investigates a financial crisis in an emerging economy. In many respects the 1994 financial crisis in Turkey developed similar to the 1997 crisis in Korea, 3 but the consequences were not global. The definition of financial crisis always includes increases in risks and changes in risk-return relationships. The question of whether volatility and the economic factors that might affect volatility differ during changing economic conditions is an important issue. Changes in determinants of risk as well as the relationship between risk and return are important in determining the appropriate cost of capital and in evaluating foreign direct investments in emerging economies as well as international asset allocation decisions.
In this paper, we examine the determinants of risk as well as the relationship between risk and return before, during and after a major financial crisis in 1994 at the Istanbul Stock Exchange (ISE). Different specifications of GARCH-M models are employed. Results show that (1) risk, (2) asset returns and (3) risk-return relationships are affected by macroeconomic outcomes differently as the economy progresses through diverse stages.
The contributions of this study are twofold. First, to our knowledge, this is a leading work that uses macro-economic variables in the conditional variance equation. Asset returns and related conditional volatilities are modeled using a GARCH-M framework. Previous studies have used various variables in modeling asset returns, but macroeconomic variables have not been used to model conditional volatilities in an emerging market setting. Second, investigation of changes in the determinants of volatility and asset returns due to a financial crisis in an emerging economy will give valuable insights to those who would like to understand the 1998 world crisis better.
Our study employed the following procedure. We first verified the before-during-after crisis periods by determining the possible changes in the estimated coefficients of a time series representation of the stock market. Next, we determined the order of the autoregressive process for each sub-period. Then we modeled risk by using the conditional variance specification and tested for the effect of risk on stock returns during each sub-period. In this process, we examined the possible macroeconomic determinants of risk in the stock market as well as testing for their conceivable effects on stock returns.
Accordingly the paper is organized as follows. After presenting a brief description of the Turkish stock market in Section 3, we outline the definitions and time series properties of the data in Section 4. Section 5 presents the methodology used and is followed by sections 6 and 7, the analysis of empirical results and related discussions. Finally, Section 8 provides conclusions.
III. The Turkish Stock Market
With the implementation of an IMF-supported stabilization program in 1980, the Turkish economy switched from an inward-looking development strategy to an outward-oriented one. The major components of the program included financial liberalization and the integration of financial markets. As an immediate result, in 1986 the Istanbul Securities Exchange (ISE) opened with 42 listed companies. In 1989, the Turkish financial system was further liberalized and foreign investors were permitted to hold stock portfolios at ISE. Since November 1994 all stocks, which totaled more than 250 by 1997, have been traded by a computer-assisted system. Daily trading volume has exceeded $150 million. In trading volume, ISE has become the eighth largest of the twenty-two European stock exchanges, surpassing Madrid, Copenhagen, Oslo, Brussels and Vienna. Similar to other emerging markets, ISE's return volatilities have been high throughout its history. The ISE composite index measured in US dollars has increased by sixhundred percent since its establishment. This increase has been realized including annual increases up to 350%, followed by corrections amounting to 70% (Muradoglu, 2000) .
In its seventy-seven year history, the Turkish Republic has witnessed six major economic bottlenecks after World War II (Metin, 1995) . The first five bottlenecks, in 1946, 1958, 1970, 1979-1980 and 1984 , resulted from balance of payment difficulties, the inherited public sector deficit, and high inflation. The 1994 crisis is the first major economic crisis that ISE has witnessed since its establishment in 1986.
Knowing the context in which the 1994 crisis developed will help readers understand the particular pressures ISE faced. The 1994 crisis first appeared in the financial markets and spread to the real part of the economy immediately. The ever-increasing public sector deficits and public debt mismanagement (Ozatay, 1996) seem to be the main causes of the 1994 crisis. Indeed, before the crisis period, at the end of 1993, the Public Sector Borrowing Requirement (PSBR) had reached its zenith point with 13 percent of the GDP, and the stock of domestic debt was realized as 20 percent of the GDP with an average maturity of 11 months. The Central Bank initially had had a mixed monetary policy. However, to reduce interest rates and extend the maturity structure, Central Bank policy had shifted to targeting interest rates by offering less than equilibrium interest rates and had simultaneously introduced an income tax on the holders of t-bills. As Ozatay (1996) remarks, 'The reply of the private sector was not to purchase new government securities. Hence a funding crisis started: there was a rush to foreign currency, and the US dollar appreciated almost by 70% in the first three months of 1994. The Central Bank intervened both in the money market and foreign exchange market'. (Ozatay, 1996; p. 22) As a result the international reserves of the central bank decreased from 7.2 billion USD to 3 billion USD, despite the 70% change in the price of the US dollar in terms of Turkish lira in three months and record high levels of interbank rates with daily jumps up to 700%. The government was able to finance the deficit through domestic borrowing with three-month maturity and 400% compound annual interest. The PSBR fell to 8 percent of GDP and inflation stabilized around its initial path of 76 percent in 1995. However, an inflationary stimulus persisted. Real income declined by more than 5 percent over the year, with inflation increasing substantially to 132 percent per annum and the number of unemployed increasing by at least 600,000 (Boratav, Turel and Yeldan, 1996) .
IV. Properties of Data
We examined the relationships between macroeconomic variables and risk-return relationships by using a GARCH-M model. We also used GARCH models to obtain the appropriate conditional variances determined by macroeconomic policy variables as well as their own histories. Stock returns are represented by the logarithmic first difference of the ISE Composite Index. The set of macroeconomic variables consists of currency in circulation (M), foreign exchange rates of the US dollar (D), and overnight interest rates (I). In view of the theoretical concerns discussed in the literature survey section, we required the selected variables to fit three criteria. These are i) compliance with the variables used in general asset pricing models, ii) availability of daily observations of variable, and ii) high frequency of variable's use in the financial media, which makes data collection 4. We would like to thank two anonymous referees for suggesting the Andrews (1993) test.
5. We implemented the Andrews (1993) Sup F test to full sample with lag length two. An exact distribution of the Andrews test and therefore critical values for a finite sample of the Andrews test is unknown. Therefore, we applied the bootstrap. Sample size of our Monte Carlo experiment is 1000. We found the p value of the test statistics to be .076.
6. The test statistic was 25.63 and was significant at the 5.95% level.
inexpensive for investors (Mishkin, 1982) .
The sample period, January 1988 -April 1995, consists of 1,831 daily observations for each series. The data set is divided into three subperiods: before, during and after the crisis. The before-crisis period contains 1488 daily observations from January 1988 to December 23, 1993. The crisis period contains 151 daily observations from December 23, 1993 to July 29, 1994. The after-crisis period that covers 191 daily observations is characterized by severe output contraction.
We have used alternative methods for partitioning the data into subperiods. We employed the Andrews (1993) test for the determination of possible break points. 4 The Andrews test suggested that there is no break point at the conventional 5% level of significance.
5 Then we pursued other avenues.
According to Ozatay (1996) the major financial crisis that hit Turkey culminates between December 1993 and May 1994. We choose the last business day before Christmas, 23 December 1993 as the cut-off point to start the crisis period. We ended the crisis period 3 months after April to have a symmetric coverage. We used the Chow test to check parameter constancy between the break dates rather than the identification of the break points. We performed the Theodossiou, Kahya and Christofi (1997) test to see if there is any structural change for above specified dates in return and volatility equations. All three variables and their interactive dummies are added into the specifications along with a constant as well as the intercept dummies. We failed to reject the null that there is no structural change in both the return and the volatility specifications across the three periods at the margin. 6 In contrast to Assoe(1998) who considers a Markow regime switching model, we pre-specified the regime switching dates on theoretical grounds and the beginning and the end of the crisis period 7. We used the Chow-test (1960) to test our a-priori decision about the pre-crisis, crisis and post-crisis periods. The specification we used is an AR (2) that employs two Dummy variables that take the value 1 if the period is pre-crisis and crisis respectively and zero otherwise.
were determined by testing for a structural change in the coefficients of the related time series regressions using the Chow test (1960). 7 Daily values of the ISE composite index were collected from Istanbul Securities Exchange publications. To compute the stock returns, R t , we use the following formula: ,
1 ln ln
where P t is the value of the ISE composite index for day t. Interest rates, I t , are represented by the overnight interbank rate, the only rate both available on a daily basis and frequently used by the financial media. Since interest rate series is stationary in levels, we do not take its differences. Foreign exchange rates are represented by the change in the price of US dollar in terms of domestic currency (Turkish lira), D t , and are computed as ,
where USD t is the Turkish lira value of one US dollar at the free market for day t. The financial media also frequently uses the value of the US dollar as a proxy for political instability not induced by economic policy actions. Finally, the growth rate of money stock, M t , is used to proxy for the government's economic policy actions that will effect future inflation. The narrow definition of money (currency in circulation) that is available on a daily basis at The Central Bank weekly Bulletins is the most appropriate variable representing government's monetary policy.
.
1 ln ln Table 1 provides summary statistics for our main variables. The analysis is conducted for the three sub-periods that correspond to the times before, during and after the crisis. The first column reports the name of the variable, and the second column reports the test statistics including the mean, standard error, skewness, kurtosis, and results for the Ljung and Box (1978) test for autocorrelations and the Jarque-Bera (1980) test for normality. The last three columns report the corresponding statistics for each period. Skewness coefficients show that, except for the third sub-period, stock returns (R t ) are not skewed; except for the second sub-period, interest rates series (I t ) are not skewed. A change in the price of the US dollar in terms of Turkish lira of the US dollar (D t ), is skewed except for the third sub-period, and growth rate of money (M t ), is not skewed. As expected in most financial series, kurtosis coefficients indicate that time series distributions of the variables are leptocurtic.
Results for the Ljung and Box (1978) test and for the Jarque-Bera (1980) test follow. First, Ljung and Box (1978) autocorrelation statistics up to 12 lags indicate that autocorrelation exists for the stock returns series (R t ) for first two sub-periods (before and during the crisis) but not for the post-crisis third sub-period. Similar results, interpreted as indicating improved market efficiency through time, have been obtained in other studies testing for the weak form efficiency of ISE (Muradoglu and Unal, 1994) . Possibly because the Central Bank's implicit targeting of the interest rates as a major ingredient of the mixed targeting monetary policy, interest rate series (I t ) have autocorrelation in all subperiods. Except for the third sub-period (after-crisis), autocorrelations are detected for the change in the price of the US dollar in terms of Turkish lira of foreign exchange rates (D t ). Finally, autocorrelation is observed in the growth rate of money for all periods. Moving now to the Jarque-Bera (1980) normality tests, results consistently indicate that the null hypothesis of normality is rejected for all of the variables that we consider for the three sub-periods.
V. Methodology
This section introduces the econometric models that we used. Empirical evidence is discussed in the next section. First, we introduce the GARCH-M model, and next, we extend the GARCH-M model where both the conditional mean and the conditional variance equations incorporate macroeconomic variables.
A. Modeling Return and Risk Using the Standard GARCH-M Specification
First, we define the behavior of stock returns as a function of their conditional variance as well as their own lags. Therefore, the standard GARCH (p,q)-M formulation can be used to explain the behavior of 8. French et.al. (1987) show that the best estimates of the power of h is 1. Baillie and DeGannaro (1990) and Poon and Taylor (1992) also report that maximum log-likelihood is essentially the same for h t and h 2 t .
9. See, for example, French, Schwert, and Stambaugh (1987); Hamao, Masulis, and Ng (1990) and Cheung and Ng (1996) for inclusion of macroeconomic variables. Our study includes X t into both the mean and variance equations. 
B. Modeling Return and Risk Using a Macroeconomic Variables Induced GARCH-M Specification
Equations 4 and 5 are modified to include the set of information on macroeconomic variables (X t ) as follows: 10. We would like to thank an anonomous referee for raising the issue. We have calculated the correlation coefficients between the macroeconomic variables and the volatility measure. The results indicate that the possibility of multicollinearity is not a severe one using Griffits, Hill and Judge (1993, p.435) as a benchmark. , This specification has impact on the estimated coefficients of the macro-economic factors in the return equation. Hence we overcome the possibility that the macroeconomic variables included into the variance equation might proxy for the possible influence of the variables in the mean equation. Equations 6 and 7 are estimated jointly by including one macroeconomic variable at a time. The macro-economic variables that we have used in this study are in fact highly related and co-integrated (Muradoglu and Metin, 1996) . Since each variable enters the equation one by one, we only observe the individual contribution of each variable on the dependent variable of interest. 10 An anonymous referee has raised the theoretical possibility of negative conditional variances. We have estimated all specifications using EGARCH to ensure nonnegativity. Results not reported here do not change the overall conclusions of the paper however significance levels detoriate considerably.
VI. Analysis of Empirical Results
In order to account for the instability of the parameters for the estimates concerning the whole research period, we divided the sample into three sub-periods as described in the previous section of this paper. Following Pagan and Ullah (1988) we first estimated equations 4 and 5 and then 6 and 7 jointly for the periods before (Period 1), during (Period 2) and 11. GARCH (1,2) and GARCH (2,1) specifications, not reported here, are also estimated. Schwartz (1978) criteria indicate that additional lags for the GARCH(1,1) specification do not improve results. Bakir and Candemir (1997) also report GARCH(1,1) as the appropriate specification for modeling ISE.
12. The level of significance is five percent unless mentioned otherwise.
after the crisis (Period 3). Tables 2 and 3 report the estimates of the GARCH (1,1)-M 11 specifications presented in equations 4 and 5 as well as equations 6 and 7 respectively for the three sub-periods. The order of the autoregressive process for the return equation is determined by the Schwartz (1978) criteria. The optimum lags are four, two and four for the first, second and the third sub periods respectively. Table 2 reports the estimates of equations 4 and 5. The estimated parameters for the constant term, the coefficients for the lagged values of the squared residuals in the conditional variance equation and lagged value of the conditional variance are positive. This satisfies the nonnegativity of the conditional variances (Bollersev, 1986) . The sum of the coefficients for the lagged values of the squared residuals in the conditional variance equation and lagged value of the conditional variance is less than one. This satisfies the non-explosiveness of the conditional variances (Bollersev, 1986) . Those three parameters are statistically significant for the period 1 and 2, and the first two coefficients are not statistically significant for the third period.
12 The estimated coefficient of the lagged conditional variance for the second sub sample and the estimated coefficient of the lagged values of the squared residuals when the interest rate is used as exogenous variables are negative. Even if this violates the non-negativity condition both these coefficients are statistically insignificant. However, the sum of the estimated coefficients of the lagged values of each squared residuals and conditional variance is less than 1. This satisfies the nonexplosiveness of the variances. Scale parameter for the Generalized Error Distribution (GED) is also reported in tables 2 and 3. The log function value is the logarithmic likelihood of maximized GED value.
Four non-parametric Sign and Size Bias tests namely, The Sign Bias Test, The Positive, The Negative Sign Bias Tests and the Joint Test for the three effects are also presented in the same tables. To calculate these tests, normalized residuals (e t ) are obtained by dividing the Note: Results reported in table 2 are obtained from the joint estimation of equation 4 and 5. 1 -4 coefficients refer to the lagged values of return, 1 -5 coefficients are for the day of the week effects, l is the coefficient on the ARCH-in -mean term, 0 is the constant in the conditional variance equation, 1 is the coefficient of one period lagged conditional variance, 2 is the coefficient of one period lagged squared residuals and finally is the scale parameter for the GED. The test statistics reported in Table 2 are the Jarque-Bera normality test 2 (2) for normalized residuals, the Ljung-Box Q-test for serial correlation in squared normalized residuals, ARCH-LM test of no AutoRegressive Conditional Heteroskedastic (ARCH) versus ARCH in normalized residuals and finally sign and size bias non-parametric test. (.) indicates the level of significance for the test statistics 13. We would like to thank an anonymous referee for pointing out the necessity of the exclusion tests.
and C).
For the specification of the model, we tested the presence of autocorrelation of the estimated residuals by using Ljung-Box QStatistics for 12, 18, 24, 30 and 36 lags. None of the lag orders we consider reject the null hypothesis of the presence of no autocorrelation at the 5% level of significance at tables 2 and 3. Next we test the presence of ARCH effect by using Lagrangian Multiplier test (LM). In order to perform LM test, the squared estimated residual terms are regressed on constant term and on its 12, 18, 24, 30, and 36 lags by using the least square method. In  table 2 , it is observed that we fail to reject the null hypothesis that the ARCH effect is not present. None of the lag orders of Ljung-Box QStatistics gives the test result reject the null hypothesis of the presence of no autocorrelation at the 5% level of significance at table 3A, B, and C. Therefore, ARCH-LM specification with all lags indicate the ARCH effect is eliminated. Last we performed joint exclusion tests where exogenous variables are excluded from both the mean and the volatility specifications. 13 The test statistics are reported at table 3 as the exclusion test. The critical value of is 5.99 at the 5% significance level. We can reject the null ( ) 2 2 χ hypothesis that exogenous variables does not affect the return and volatility only for money was an exogenous variable at the first period and the depreciation at the second period. These results are parallel with the individual testing except when the exogenous variables are interest rate and money for the crisis period where these coefficients are individually statistically insignificant but jointly statistically significant. Table 2 reports the GARCH-M specifications in equations 4 and 5. Risk, as represented by the conditional standard deviation, affects stock returns only during the crisis period in which the GARCH-M effect is observed. During periods 3 and 1, the mean effect is not present. The above estimates indicate that the conditional standard deviations lack predictive power for the stock returns before and after the crisis. One possibility is that, volatility is also affected by the macroeconomic variables. Therefore, variability of conditional standard deviations can be modeled better by incorporating additional information revealed by macroeconomic variables to capture the volatility better. Furthermore, ISE as an emerging stock market, is known to be sensitive to changes in macroeconomic variables (Muradoglu and Onkal, 1992; Muradoglu and Metin, 1996) . Therefore these variables should also be included into the stock return equation. This inclusion will allow us to observe which variable has explanatory power on the behaviour of the conditional mean as well as the conditional variance. 14. We also determined the order of the autoregressive process by the Schwartz (1978) criteria and included up to two lags of each of the macroeconomic variables. The results, not reported here, are robust with the results presented in table 3. Table 3 reports the GARCH-M specifications described in equations 6 and 7.
The order of the autoregressive process is shorter during the crisis. It is two for period 2, and four for periods 1 and 3.
14 During Period 1 (before crisis) the US dollar (D t ) and interest rates (I t ) have predictive power in explaining the behavior of the conditional variance. This result suggests that the depreciation of the exchange rate, and higher interest rates as important indicators of political and economic instability, increase volatility in the stock market. Moreover, there is a negative and statistically significant relationship between interest rates (I t ) and the stock returns during this period, possibly due to their being close substitutes (Muradoglu, 1992) . During this period the GARCH-M model also displayed a positive relationship between the conditional standard deviation and stock returns although the significance level of the estimated parameter is less than 10 percent.
During the crisis (period 2), none of the variables have a statistically significant coefficient in the conditional variance equation. Also, for the stock return equation, none of the macroeconomic variables have predictive power. The notable result for the crisis period is the negative coefficient of the conditional standard deviation in the mean equation, when the depreciation of US dollar (D t ), is used as a variable in estimating the conditional variance. As Poon and Taylor (1992) noted, when returns are lower than the average, speculative activity might have been induced and market volatility might have increased, leading to a negative relationship between risk and return. Ozer and Yamak (1992) have also shown a similar relationship between risk and return at ISE during the Gulf Crisis.
During Period 3 (after the crisis), only the money growth rate, (M t ), and depreciation of US dollar (D t ) have predictive power in the conditional variance equations. Unlike the negative coefficient of the depreciation variable (D t ) during the crisis period, the estimated coefficient of D t has a positive sign after the crisis. The positive effect of D t on conditional variability after the crisis indicates that higher depreciation increase the risks in the stock market. Similar to the period before the crisis (period 1), after the crisis, during period 3, the interest rate (I t ) also has a negative coefficient in the stock return equation. Besides there is a positive relationship between the conditional standard deviation estimated using D t and stock returns.
VII. Discussions
In this study, we examined the risk return relationship during a financial crisis. Changes in the determinants of risk as well as the relationship between risk and stock returns before, during and after the financial crisis of 1994 in ISE are investigated by using the GARCH-M model. In this process, we first modeled risk and then considered the relationship between risk and return. Next, we examined the possible macroeconomic determinants of risk in the stock market as well as testing for their conceivable effects on stock returns.
The results indicate that first, for all sub-periods risk can be modeled by a GARCH(1,1)-M specification. However, risk, as represented by the conditional standard deviation, affects stock returns only during the crisis. Secondly, the relationship between macroeconomic variables and risk and risk-return relationships change as the economy progresses through different stages.
Before the crisis, the rate of change in the price of the US dollar in terms of Turkish lira and higher interest rates as indicators of political and economic instability and higher expected inflation respectively, increase the volatility in the stock market. However, we observe that during the crisis period, none of the macro-economic variables enter the variance equation. Since the 1994 funding crisis (Ozatay, 1996) emerged as a consequence of debt mismanagement, the government had to decrease the money supply, considerably during the crisis. After the crisis, as was the case before the crisis, higher interest rates increased volatility in the stock market. During this period, governmentinduced risk is also evident and the money growth variable enters the mean equation with a positive sign. This indicates that during the recovery period, expansionary, rather than contractionary monetary policy is positively associated with risk in the stock market.
The relationship between risk and stock returns becomes negative during the crisis period. Under normal conditions, the positive 15. See table 1, row 3 for the unconditional standard errors before, during and after the crisis. relationship between expected returns and expected volatility indicates that equity risk premiums provide compensation for risk when volatility increases. However, during the crisis, as suggested by Poon and Taylor (1992) , speculative activity might have been induced and market volatility have increased almost thirteen times, 15 leading to a negative relationship between risk and return. After the crisis, a positive riskreturn relationship is reestablished and this can be interpreted as a sign of recovery from the effects of the crisis.
Besides risk, macroeconomic variables that explain the behavior of stock returns also change before, during and after the crisis. Like other researchers (Fama and Schwert, 1977; Solnik, 1983) , we also find a negative relationship between interest rates that proxy for expected inflation and stock returns before the crisis. Our study adds to the literature by showing that none of the macroeconomic variables have predictive power during the crisis period. After the crisis, similar to the period before the crisis, the interest rate enters the stock return equation with the expected sign.
VIII. Conclusions
This study attempts to make three contributions to the field. First, it specifies the conditional variance equation including macro-economic variables, relevant information set for emerging economies that is often overlooked in various GARCH specifications. Risk, in this paper, is shown to have macro-economic determinants. This is the case for asset returns as well. Second, we employ the GARCH-M methodology to investigate asset returns and conditional volatilities during a major financial crisis in an emerging market, a setting that is often ignored in the financial literature. In this study we observe that during a financial crisis, risk-return relationship and the factors that determine risks in stock markets change. This is important in emerging markets because the appropriate cost of capital used to evaluate foreign direct or portfolio investments will change and so will international asset allocation decisions. GARCH (1,1), which is known to be an appropriate specification for modeling mature markets, proves to capture volatility 16. We would like to thank an anonymous referee for raising the issue. and stock returns successfully in an emerging market and under different economic conditions including a crisis period. Third, this study attempts to offer possible explanations to the mixed results of previous research, as it is shown that in the periods before, during, and after a major financial crisis, determinants of risk as well as the risk return relationship change depending upon the state of the economy. This paper might be noticed as a case to help us understand better financial crisis in emerging markets. The worldwide crisis in 1998 that was stimulated with a crisis in an emerging economy Korea, showed that neither the academics, not the practitioners were well prepared to comprehend the various dimensions of crisis in emerging economies. Therefore, neither international investors, nor international agencies, nor governments were well prepared to react appropriately and instantaneously to crisis in emerging economies before the crisis was epidemic.
International portfolio managers have difficulty in dealing with financial crisis in emerging markets. Reasons are several. Country specific factors are not always easy to analyze and interpret quickly. Overreaction is a widespread phenomenon in investment decisions in general and during crisis in particular. Compared to firm specific information, macroeconomic variables are relatively easy to follow and interpret for international portfolio managers. They also constitute an important set of information due to the overwhelming role of state in economic activity. In this study we show, the international investor that during financial crisis the risk-return relationships and the determinants of risk change. Accordingly, international investors should adjust the cost of capital used in evaluating investments in individual stock markets and thus their international asset allocation decisions.
Clearly, a lot more needs to be done in this area. Further research is expected to concentrate in three major avenues. First, other country studies are definitely needed to understand the relationship between macro-economic variables and risk in financial markets. Second, conditional variances of macro-economic variables can be used to estimate conditional variance of stock returns. 16 This specification would enable us to investigate the effect of risk in general economic conditions on risk in stock returns.
Third, due to the increased integration of world markets, volatility spillovers need to be investigated. Macro-economic variables constitute appropriate information set in this framework as well, as they are easily accessible by the international investor.
